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Motivation
Massive rail cleanup in New Brighton: Investigation begins into derailment of 
23 Norfolk Southern tankers carrying ethanol. 
By Dennis B. Roddy Pittsburgh Post-Gazette - October 22, 2006.
Motivation
Nearly half (47%) of Iowa 
corn goes into ethanol 
production, according to the 
Iowa Corn Promotion 
Board.
Presidential candidates 
who don’t support the 
renewable fuel standards 
haven’t done well in the 
Iowa caucuses. 
Motivation
Source: Earth: An Introduction to Physical Geology, Eleventh Edition, by Tarbuck and Lutgens
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Background - GPR 
GPR FOR INFRASTRUCTURE IMAGING
A. P. Annan, Sensors & Software Inc., 1040 
Stacey Court, Mississauga, ON L4W 2X8, 
Canada - apa@sensoft.ca
Background - TDR
Adopted from Jones, S., J.M. Wraith, and D. Or. 2002. 
Time domain reflectometry measurement principles and applications. 
Hydrological Processes, Volume 16, Pages 141–153.
Mixing models








n = 1 − φ ∙ εsoil
n + ϑw ∙ εw
n + ϑEtOH ∙ εEtOH
n
n exponent describing geometric arrangement of the phases
𝜀𝑓1 dielectric permittivity of the mixture  
𝜀𝑠𝑜𝑖𝑙 dielectric permittivity of soil 
𝜀𝑤 dielectric permittivity of water 
𝜀𝐸𝑡𝑂𝐻 dielectric permittivity of ethanol 
𝜑 porosity of the soil 
(1 − 𝜑) volume fraction of the soil phase
𝜗𝑤 concentration of the water  in the fluid phase
𝜗𝐸𝑡𝑂𝐻 concentration of the ethanol in the fluid phase
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TDR - 8 cm  wave-guides
(6050X3K1 Mini Trace Kit)
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